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IMMUNOLOGICAL TOLERANCE- INDUCING AGENT 
The present invention relates t-n • 

inducing agent SneciT . . ^unological tolerance- 

a oyenT:. Specifically it relates 
comprising a mucosa Ki„H- , ^^"^^^ *° s^t^h an agent 

tolerogen and Z TlllZTZ iT. "'^ ''""^^ ' 

= in an inai.i.„., againat " spec l^tali"™"""'"''"^ 

specific antigen, including hapten. 

introduction of a foreign substance, in the £=, , ■ 
^° to as antigen (Aal ^- following referred 

vertebrate IrganTsm ma - 
response characterted by^^ h" °* ^ 

(products Of B 1 jphrcZ ca:rbir:r" r ^^^^^"^-^ -^"--^ 

and/or the de.elopmelt of eTfettor TlZT' 
15 production of sol ^. T lymphocytes and the 

Of encounter „■ th sain"""^: ' ^^P'^^'^i"-. at the site 

-tainiypi.,:resrti:!-rorttoV" ^ 

Ag but can also participate Tn -gainst hostile 

destruction of hLt truts .ht"r:°:;/'°"=^^= "^^^"^ '° 
20 diseases where ant ihnH- ""^^^ autoimmune 

one.s o„n ..sirriVa^^tUe T" - 

allergic reactions characterised by an " ^" 
response to certain environmental masters and^'h'"''' 
« inflammatory responses leading to .L.uTd T "^"'^ 
^5 Moreover, this i<? i-v,^ . tissue destruction. 

. that develop! a rr^r:: reftTtre r"^""^^ --"-^ 

materials as in certain "="^"^ve elimination of foreign 

somiasis, or £ollo„i " schisto- 

^) or roilowmg introduction of f r.>-« • 
asbestos). This is also °' P^-^i^les (e.g. 

50 reactions that follow th " ™noproliferative 

auogra. and iei:";;.:: ^rrtTor - - 
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One of the primary goals in developing effective therapies 
against diseases caused by unwanted or tissue damaging 
iiranunological reactions such as allograft rejection, autoimmune 
diseases, tissue destructive allergic reactions to infectious 
microorganisms or to environmental antigens, is to specifically 
suppress or decrease to an acceptable level the intensity of 
deleterious immune processes without affecting the remainder of 
the immune system . 

The subject of immunological tolerance deals with all mechanisms 
that ensure an absence of destructive immune response, be it to 
one own's body constituents ("self antigens") or to any given 
foreign substance. 

A long-recognized method of inducing immunological tolerance is 
the oral administration of antigen which was first demonstrated 
by Wells for hen egg proteins (Wells, H. 1911. Studies on the 
chemistry of anaphylaxis III. Experiments with isolated 
proteins, especially those of hen's egg. J. Infect. Dis . 9:147) . 
The phenomenon, often referred to as "oral tolerance" (because 
initially documented by the effect of oral administration of 
Ag), is characterized by the fact that animals fed or having 
inhaled an antigen become refractory or have diminished 
capability to develop a systemic immune response when re-exposed 
to said Ag introduced by the systemic route, e. g. by injection. 
In broad terms, affication of an antigen onto a mucosal membrane 
or into a mucosal tissue, be it the intestine, the lung, the 
mouth, the genital tract, the nose or the eye, can induce the 
phenomenon of systemic immunological tolerance. 

As opposed to this, introduction of an antigen into a non 
mucosal tissue, i.e. for example the skin or the blood, referred 
to as systemic immunization, often results in an immune response 
with the characteristics mentioned above, and is referred to as 
systemic immune response . 

The phenomenon is highly specific of the Ag introduced by the 
mucosal route in the sense that hyporesponsiveness can only be 
documented subsequent to injection of said fed or inhaled Ag but 
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J) 

had not previously been encountered at mucosal sites). 
It is believed that ingested antigens are absorbed and processed 

Pevlr^'^'^r ^^"''^^^^^ enterocytes 

TZl: n ciated lymphoid tissue 

tuTIs'cf th , processing struc- 

eplthelial intestinal tract: an SE« study of ly^pho- 

epithelial organs. Scanning Electron Microsc. 2: 367-378 ) it 

types Of ,,113 ^.^^^ epithelium (Richardson J, Bouchard 

Lote ""^ transport of exogenous 

proteins by respiratory epitheliuin. Lab. Invest. 35:307-314, 

cogi:::ii"^""'°" °' "^'^ 

cognate helper T cells and/or B lymphocytes in the local micro- 
environment of the out- „t .K , micro 
resoon,= ^""3 mucosae, an immune 
response may ensue, the characteristics of which may be 
influenced by several factors, including the nature of the 
antigen, the type of accessory cells and lymphocytes involved, 
and the genetic background of the host. However, ingestion or 
inhalation of antigens may also result in the development of a 
state Of peripheral immunological tolerance, a situation 



characterxzed by the fact that irrunune responses in non-.ucosal 
txssues Will not develop even if the antigen initially en- 
countered in the digestive tract .ucosa or the respiratory 
mucosa is reintroduced in the organism by a non-xnucosal route 
such as by parenteral injection. Since this phenomenon il 
exguxsxtely specific of the antigen initially ingested or 
xnhaled, and thus does not influence the development of systemic 
xmmune responses against other antigens, its use has become an 
xncreasingly attractive strategy for preventing and possibly 
treatxng illnesses associated or resulting from the development 
Of untoward and/or exaggerated immunological reactions against 
specxfxc antigens encountered in non-mucosal tissues. 

InirT"" ™lly induced systemic tolerance may 

xnvolve all types of inunune responses known to be inducible by 
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the systemic introduction of Ag, such as the production of 
antibodies and the development of cell-mediated immune responses 
to said Ag. Mucosally induced immunological tolerance has 
therefore been proposed as a strategy to prevent or to reduce 
the intensity of allergic reactions to chemical drugs (Chase, 
MW. 1946. Inhibition of experimental drug allergy by prior 
feeding of the sensitizing agent. Proc . Soc . Exp. Biol. 
61:257-259). It has also been possible to prevent or decrease 
the intensity of immune reactions to systemically introduced 
soluble protein antigens and particulate antigens such as red 
cells in experimental animals and in humans by the oral 
administration of red cells (Thomas HC and Parrot DMV 1974. The 
induction of tolerance to soluble protein antigens by oral 
administration. Immunology 27 : 631-639 ; Mattingly, J. and Waksman 
B. 1978. Immunological suppression after oral administration of 
antigen. Specific suppressor cells found in rat Peyer's patches 
after oral administration of sheep erythrocytes and their 
systemic migration. J. Immunol. 121:1878; Bierme, S. J.; Blanc, 
M.; Abbal, M.; Fournie, A. 1979. Oral Rh treatment for severely 
immunized mothers. Lancet, 1:605-606). 

The phenomenon of mucosally induced systemic tolerance can be 
utilized to reduce or suppress immune responses not only against 
foreign antigens but also against self antigens, i.e. components 
derived from host tissues. It has thus been possible to decrease 
the intensity of experimentally induced autoimmune diseases in 
a variety of animal systems by mucosal deposition of auto- 
-antigens onto the intestinal (by feeding) or the respiratory 
mucosa (by aerosolization or intranasal instillation of anti- 
gens) . Thus, oral administration of collagen type II (a 
prominent type of collagen found in joint cartilage) has been 
shown to suppress or decrease the intensity of experimental 
autoimmune arthritis, a disease that can be induced in certain 
strains of rodents by injection of collagen type II together 
with Freund's complete adjuvant or by injection of Mycobacterium 
tuberculosis (a component of the former adjuvant) alone (Thomp- 
son, HSG and Staines, NA. 1986. Gastric administration of type 
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C., Bobar lA, Robxnson, ME, Si^kind GW, Thorbecke GJ 1986 
suppression of type IX collagen-induced ar.hritls Z .nlll 

by or.r'al • °^ arthritis in Le„is rats 

145.2489-2493). Simxlarly, it has been possible to suppress an 
experimental form of autci^une uveoretinitis by oral a^Lr 
stration of s-antigen. a retinal autoantigen that cln i2ce I 
for. Of uveoretinitis when injected in animals (Nussenblatt RB 

r^i^r-irr-t"^' °- 

«!.. 1990. inhibition of S-antigen induced experimental auto 
15 „ uveoretinitis by oral induction of ' tolerance »"h" 

e" e ^riltir '^T- = Experimental autoi^nne 

caHe in. . -lapsing demyelinating disorder that 

purifred" , I" °' ^"3-"- Of 

'oge Lr„T, ""''^ ^''^-^ homogenate 

together „.th ad:uvant, can be suppressed partially cr complete- 

(Ldi„!r ""^ fragments by the oral 

CC 19.8 T ^'^^"""-^^ <^"°-^> (Bltar DM and whitacre 

CC 1988 Suppression of autoimmune encephalomyelitis by the 

mi^al i t " " ="PP«-ion of experi- 

mental autormmune encephalitis by oral administration of myelin 
^ II s fragments. J. i™,„„i . 140 = 440-445; Weiner 

Al-sabbagh A and Sobel R. 1990. Antigen driven peripheral 

ZZJ T'^^' °' experimental autoLune 

encephalomyelitis (EAE, by aerosol aministration of myelin basic 
protein. EASEB J (Abstr.) 4(7,:2102). Further:„ore , oral 

IT'^'TT^" °' ""^^ '° -PP— auto- 

xmmune dxabetes in mice (7hf*r,ry 7 r • ^ 



20 



25 



weiner HL. 1991. Suppression of diabetes in „on obese diabetic 
35 mice by oral administration of porcine insulin. Proc Natl 

e™" = — tly, suppression Of 

experimental autoi^une myasthenia gravis has been -achieved 
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after oral administration of acetylcholine receptor (Wank ZY, 
Qiao J and Link H. 1993. Suppression of experimental autoimmune 
myasthenia gravis by oral administration of acetylcholine 
receptor. J. Neuroimmunol . 44:209-214). 

It has also been shown that the enteric administration of 
schistosome eggs in mice could prevent the development or 
decrease the intensity of hepatic and intestinal granulomatous 
reactions, which are chronic T cell-mediated inflammatory immune 
reactions that develop around schistosome eggs during infestation 
by the parasite Schistosoma (Weinstock JV, Blum AM and Kassab 
JT. 19 85. Induction of granuloma modulation in murine schistoso- 
miasis mansbni by enteric exposure to schistosome eggs. J. 
Immunol. 135:560-563). 

Much in the same way, oral administration of antigens has been 
proposed to prevent and/or treat allergic reactions to common 
allergens such as house dust components or substances present 
in grass pollen (Rebien W, Puttonen E, Maasch H J , Stix E and 
Wahn U. 1982. Clinical and immunological response to oral and 
subcutaneous immunotherapy with grass pollen extracts . A 
prospective study. Eur. J. Pediatry 138:341-344; Wortmann F. 
1977. Oral hyposensitization of children with pollinosis or 
house dust asthma. Allergol et Immunopathol . 5:15-26). 

Although the above examples indicate that mucosal administration 
of foreign as well as self antigens offers a convenient way for 
inducing specific immunologic tolerance, the applicability to 
large scale therapy in human and veterinary medicine remains 
limited by practical problems . 

Indeed, to be clinically broadly applicable, mucosally-induced 
immunological tolerance must also be effective in patients in 
whom the disease process has already established itself and/or 
in whom potentially tissue-damaging immune cells already exist. 
This is especially important when considering strategies of 
tolerance induction in patients suffering from or prone to an 
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autoimmune disease^ ar> =ii 

inflammatory Ja«I;„ To . ir" ^ -Tronic 

protocols " ^ Parsxstent microorganism. Current 

stit! „/ ^"PP'^-^-S the expression of an already established 
«ate Of systemic i»u„„„ological sensitization (Hansson OG, Val 
NM, Rawlrngs LA and Lynch JM. 1979. Inhibition of specific imm 
responses by feeding protein antigens. XX. .ffrt^f ~ 
passive and active immunization. J. Immunol. 122 = 22612266^. 

inducir"""^' '"^ ™^ — ines aimed at 

syste^i! infectious pathogens, induction of 

systemxo immunological tolerance by mucosal application of most 

Zl:iT\::Tr ^-r"^''-^ ~' °^ tderogen/antlgen al 
loia L / repeatedly over 

long perrods of time is of relatively short duration. A likely 
explanation is that most antigens are extensively deg^adil 

TZll " "^^"^ --^'^ absorb!d I' 

insufficient quantities. It has thus been widely assumed that 

: L::f -—in-n, properties (exam^^ 
of muoosa-bxnding molecules are listed in Table X below see 
also reviews such as Mirelman D. 1986. Microbial lectin IZ 
agglutinins. Properties and biological activity, pp. 84-l" 
w^ir'd!" """-"^ ""^ ilune respoLes 

Z IT, i—ological tolerance ,de Aizpurul 

oLTassinf "-tification 
Of classes of proteins that provoke an immune response upon oral 
feeding, j. Exp. Med. 167:440-4511 a T,„f.Ki» , 
f„„i„ , = "°table example is cholera 

toxin, one of the most potent mucosal immunogens known so far 

^^t ^-"^^-<' «y"-ic and mucosal 

immunity rn mrce after mucosal stimulation with cholera toxin. 
J Immunol. 132:2736, and which when administered simultaneously 
"xth an unrelated antigen by the oral route can also prevent 
induction Of systemic immunological tolerance to said antigen 

ZllZnc '^"'"^ indue: oraT 

ant"r%"."""' - - -related 

antigen. J. Immunol. 133:2892). 
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Based on these observations, mucosal administration of antigens 
coupled to mucosa-binding molecules such as cholera toxin or its 
mucosa-binding fragment cholera toxin B subunit, has been 
proposed as a strategy to induce local and systemic immune 
responses rather than systemic tolerance (McKenzie SJ and Halsey 
JF. 1984. Cholera toxin B subunit as a carrier protein to 
stimulate a mucosal ijmmune response. J. Immunol. 133:1818-1824; 
Nedrud JG, Liang X, Hague N and Lamm ME. 1987 . Combined 
oral/nasal immunization protects mice from Sendai virus 
infection. J. Immunol. 139:3484-3492; Czerkinsky C, Russell MW, 
Lycke N, Lindblad M and Holmgren J. 1989. Oral administration 
of a streptococcal antigen coupled to cholera toxin B subunit 
evokes strong antibody responses in salivary glands and extra- 
mucosal tissues. Infect. Immun. 57:1072-1077; de Aizpurua HJ 
and Russell-Jones GJ. 1988. Oral vaccination. Identification of 
classes of proteins that provoke an immune response upon oral 
feeding. J. Exp. Med. 167:440-451; Lehner T, Bergmeyer LA, 
Panagiotidi C, Tao L, Brookes R, Klavinskis LS, Walker P, Walker 
J, Ward RG et al . 1992. Induction of mucosal and systemic 
immunity to a recombinant simian immunodeficiency viral protein. 
Science 258 { 5036 ): 1365-1369 ) . 

Description of the Invention 

AS opposed to the established opinion that mucosal admini- 
stration of antigens coupled to mucosa-binding molecules induce 
local and systemic immune responses, the present inventors have 
surprisingly found that antigens administered by various mucosal 
(oral, intranasal, vaginal, rectal) routes, when linked to a 
mucosa-binding molecule, enhanced induction of systemic 
immunological tolerance towards said antigens. 

Thus the invention is directed to an immunological tolerance- 
inducing agent comprising a mucosa-binding molecule linked to 
a specific tolerogen. 
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»e ter>n -inmunologioal tolerance- i» . 

tolerated a„tige„(s,. Such tolerated !l ""^^^^^ 
specification and claims called a tole " " ''^^^^^ 
■= ^g.ee„e„t „lt. established terminology ^" 

binding structures of k, " """lecules derived from mucosa- 

" -ral attac^ent ^^0^1^ l^^lar rc'ti^TI^ 

".ucosa-binding structures of bacterial ^"^^^"^Wy said 

the group consisting of cholerl to '"'""^'^ '^"'^ 

toxin Of Escherichia coll r "-at-labile entero- 

mucosa-binding structure is a" bLd'^^'T'" ^"^"^^-"t said 

^= specially the b subunit of cholera to"""'"' ' 

enterotoxin of Escherichia coli ""^ heat-labile 

Examples of classes a„h » 

be used in thV Cu ^n;:: " 
the invention are listed in Table ^ "'^-""^"^^"^ "'ents of 
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A. Bacterial toxins and their hir,H- 

Cholera to.in, cholera" Lbl:!/ """^ 

sut::::''^ "^""^^"^ -t;roto.in , ^ 

Bordetella pertussis toxin, subunits S2 

Oiphteria toxin ,0T,, ox B fragment, ' ' ' ^""'"'^ " = 
Shiga toxin, Shlga-like toxins and B subunits 

B. Bacterial fimbriae 

«-g. Escherichia . coli; k88, k99 987p p„ , 

(CSl, CS. a„d/or CS3, CP^Av 7ss IT' 

fimbriae etc.; " and/or CSS), p 

Vibrio choler'ae toxin-coregulated pilus ,tcp, 

t^xxus (TCP), mannose- 
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10 

itive hemagglul^inin (MSHA) , f ucose-sensitive hem- 



agglutinin (FSHA) etc.; 

Bordetella pertussis filamentous heagglutinin ; 

C. Viral attachment proteins 

e-g. influenza and Sendai virus hemagglutinins 
HIV gpl20; 

D. Animal lectins and lectin-like molecules 
e , g . Immunoglobulins ; 

calcium-dependant (C-type) lectins; 
Soluble lactose-binding (S-type) lectins; 
Selectins ; 
Collectins; 

Helix pomatia hemagglutinin 

E. Plant lectins 
e.g. Concanavalin A 

VJheat-germ agglutinin 

Phytohemagglutinin 

Abrin 

Ricin 

in another etnbodiment of the invention the specific tolerogen 
which is linked to a mucosa-binding molecule in an immunological 
tolerance-inducing agent of the invention is selected from 
specific antigens, including haptens, which cause an unwanted 
immune response in an individual. In a preferred embodiment of 
the invention said antigens are selected from the group 
consisting of proteins, peptides, carbohydrates, lipids and 
nucleic acids. 

The unwanted immune response referred to can be associated with 
systemic antibody production and/or with delayed-type hypersen- 
sitivity, and is often associated with an autoimmune disorder, 
an allergic disorder, a tissue or cell graft rejection event 
and/or an acute or chronic inf lamma-tory reaction or disorder. 
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nc specxfxc toleroaen anH i-v,^ 
molecule are directly or- • w "'ucosa-binding 
dxrectly or xndxrectly linked to each other. 

In an embodiment of the invention saiH . 

-cosa-binding molecule are indirectly link h"'" '^'^ 
the aid Of a member of the "00' "'^^ 

-lecule, a protective vehi^e cr^a "nrnTs^dT 1" ' ^^^^^^ 
gen, includino haDt»„ . 'taming said toleroaen/anti- 

-lecule and /aid t^"' / """'"^"'^ °* =P-e. 

fro. .he exp^LLror r r''^"' ^-ived 
xpression of a fused gene or nucleoi-iH^ 

a preferred e^dia.„t of the invention said , 

-aected f.o. .oxecuies „ith Mndin^rf f init/frritT'^^"^ 

of said toleroaen or i-r,T. unity for either or both 

-cosa-binding IILoule a """""''"'"' -^-^ 
.oiecuie is !n an^.ody ^1 ptlfrT^ " ' ^^"^ 

invention the spacer .oiecui e i/or is derldT''""^"' °' 
toxin binding structure of the GHl 1 T ^ ^"^^l"^- 

acetyl.galactosa«,inyl-,sialvt . T galactosyl-N- 

nyl (sialyl ) -galaotosylglucosylceramide . 

The way in which the sner- 1 f ,■ ^ , 

binding molecule in ' ^^^--gen is linked to a mucosa- 

y uiecuie m an xmmunological tol^^r^^nr^^ • ^ • 
Of the invention is not important as long as sltd ! 
said molecule can perforn, their respective f . ^"'^ 
-y be linked to each other di/ectry Ty" "": 
procedures. Chemical procedures to , ohemical 

B subunit of cholera ,f '° =°"Pl^ proteins euch as the 

Of Escherich a coii T ^'^^"""^-"^ e-terotoxin 

nucleic acids as wen afto cL ="^°^y^-tes, 

an. synthetic peptiLT al^::!! ^Cn^-lnThra:! ZT'^' 
Carlsson J et al iq7R u (e.g. see 

«i- ax iy78. Bxochem. j. 173.7?:! 7-17. ^, . 

1985. Methods in Enzymology 112-20, 224 « " ■ 

^- Mol. cell Immunol 2- mi,'"' ^ ' " = 

«atl-. Acad. sci. <OSA, 84 A '''' ' ' 

"69. immunochemistrv 6 5, , ' '"^ ^""^''^'^ ^• 

oonatas ^. IsZVJ L,'°Ts 

Mi.«ebroo. ^ and Kohn T elT ' iret ' T 

v«us;. lysi. Receptor-mediated 
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binding and internalization of toxins and hor^nones . Acaden^xc 
press, New York, pp 311-350). The tolerogen can also be fused 
genetically to the CTB (or LTB) gene (Sanchez J, Svennerholm A-M 
and Holmgren J. 1988. Genetic fusion of a non-toxic heat-stable 
5 enterotoxin-related deca-peptide antigen to cholera tox.n B 

subunit. FEBS Letters 241:110-114) and the resulting chxmer.c 
gene then be expressed in a suitable expression system, such as 
! bacteria, a yeast or a virus. Alternatively, the tolerance 
inducing agent may comprise a fragment of a nuclexc acxd 
10 sequence (DNA or RNA) or" a synthetic polynucleotide encoding the 

tolerogen which is then chemically coupled to the mucosa-bxndxng 
molecule and administered by the mucosal route, advantage bexng 
then taken of the capacity of cells from host mucosal txssues 
to ensure transcription and/or translation of the corresponding 
15 gene into a mature protein (Rohrbaugh ML and McGowan JJ. 1993. 

Gene-transfer for therapy and prophylaxis of HIV-1 infection. 
Ann. U. y. Acad. Sci. Vol 685, pp 697-712; Nabel GJ and Feigner 
PL 1993. Direct gene-transfer for immunotherapy and immunxza- 
tion. Trends in Biotechnology Vol 11 No. 5, pp 211-215; Robinson 
20 HL, Hunt LA, Webster RG. 1993. Protection against a lethal 

influenza-virus challenge by immunization with a hemagglutxnxn- 
expressing plasmid DNA. Vaccine 11:957-960; Martinon ^ ' 
S, Lenzen G, Magne R, Gomard E, Guillet JG, Levy JP and Meulxen 
P 1993. Eur. J. Immunol. 23:1719-1722). Yet other alternatxve 
p;esentation forms could consist in the incorporation of ^he 
tolerogen or its nucleic acid precursor into a protectxve 
vehicle such as a liposome or equivalent biodegradable vesxcles 
onto which the mucosa-binding substance had been or shall be 
attached allowing efficient binding of the tolerogen-contaxnxng 
30 vehicle to a mucosal surface for improved tolerogenxc ef f-acy 

With this type of presentation form, the tolerogen may be exther 
free or linked to another molecule. 

The present invention is also directed to a method of inducing 
immunological tolerance in an individual against a specxfxc 
. antigen, including hapten, which causes an unwanted xx^une 
response in said individual comprising administratxon by 
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mucosal route of a« 

"te ot an iiranunologically effeni-i-r^ 
immunological toler^noo • ^ • effective amount of an 

an unwanted Imnune resDor,=» ■ antigens which cause 

a^ent of the inveltl:: are! tolerance-inducing 

~ or 

— ~ - - th- ~ :: 

myelin basic protein or fragnrents thereof in.l h- 

peptides or corresponding nucleic acid al' ^ ^"^""^ synthetic 

and the agent of th« genetic information, 

agent Of the invention may be n<,oH 
suppress immune responses to myelin Lsf ''"""""'^ °" 

prevent or treat multiple sclerosis; ^""^ ^° 

single or double stranded DNA 

:inrrer:e:\:^r;rr " - 
=.=te„ic fu,„. e:;;ratru/:?rer" r"^ ^^^--^-^ 

-Unar. is the production o/ autorttrodrro "r"^ 

£i~— ^^^^ -^^es 

and the agent of the invention may be used t„ 

responses to said antibody, the antibld . "^""^ 

°r a fragment of it and t>, ^""""'^y ""^^ l9G molecule 

a,ent comrrising „h:ie XgG T"""'"''"' -^-ance-inducing 

administered by'the mlcotrrlrr a^^ Tr^" 

"".une responses to igG molecules as L 1 °' 

"ith rheumatoid arthritis and related cond . " 

the presence of autoantibodies called 
Which react with self igG molecules- °" factors 
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gamma globulins or fragments thereof, including synthetxc 
peptides or corresponding nucleic acid genetic information, 
and the agent of the invention may be administered by the 
mucosal route so as to prevent or reduce immune responses to 
said gamma globulins in situation where it would be advantageous 
such as before an intravenous injection of gaimna globulins; 

a transplantation antigen or fragments thereof, including 
synthetic peptides or corresponding nucleic acid genetxc 
information, or a cell expressing said transplantation antxgen, 
such as a red blood cell, a platelet or a lymphocyte, 
and the agent of the invention can be administered by the 
mucosal route so as to prevent or reduce immune responses to 
said tranplantation antigen and thus to prevent rejection and/or 
15 prolong survival of an allograft; 

an allergic substance such as ragweed pollen, 

and the agent of the invention can be administered by a mucosal 
route so as to prevent and/or reduce immune responses to said 
allergic substance and thus prevent or treat an allergy; 

a bacterial toxin or fragments thereof, including synthetic 
peptides or corresponding nucleic acid genetic information, 
and the agent of invention may be administered by the mucosal 
route so as to prevent immune responses to said toxin encounter- 
ed at systemic sites which may result in inflammation and tissue 
injury; an example of such situation is the septicemialike toxic 
shock syndrome induced by systemic administration of endotoxins 
(a group of lipopolysaccharides produced by gram negative 
bacteria) and certain exotoxins such as staphylococcal entero- 
toxins. in such situation, mucosal administration of said toxin 
or fragment therefrom linked to a mucosa-binding molecule m an 
agent of the present invention may be of use to avoid develop- 
ment of tissue damaging immune responses. 
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Experimf^ni-c: 



The xnventxon xs exemplified by the use of CTB anH , r 

mucosa-binding molecules and nf h ° "^"^^ 

5 ^nH K '^-Lecuj.es, and of sheep red blood cells rSRBC^ 

3 and human gamma-globulins iyfrr\ ^= ^ - . {£>RBC) 

the invention ^ ^"txgens/tolerogens . While 

xnvention is m no way limitf^ri 

against srbc or HGG th.. lin'xted to tolerance induction 

10 antibodv f „ * . "^"^^"^ tolerogens with regard to both 

antxbody £or,„atxon and cell-inediated l^une reactions the 
latter reactions being typified by the classical IT 1 
hypersensitivity (dth, reaction. These tvpls of " 
have been imnl ^ ■ . ■'^^ ^ inmiune reactions 

allerglr rLct " ^-elop^ent of autoi»une diseases, 

condl! Is The ' infla™,ator; 
n.yel „ :::;= prote^T: --^""-^ the use of 

oral route Of' alrist'ltlo: : ^""'""^ '^^^ ""^ 
inunune encephalitis, and 4 .He Tse^rrUo — 
cytes Which, when coupled L CTB """"'^ 
20 allograft survival. 

The following experiments are provided for tho 

= -ating the subject inventio^ but i: no larirrrtVrc::"- 



25 



Materials and methods 



Mice: Inbred Balb/c female mice were obtained f 

Care Facilitv of ^-k r, obtained from the Animal 

i^aciiity of the Department of Medical m^^v- v.- , 
immunology, University of Goteboro Swt. ^^^^^-logY and 

30 age were used. Goteborg, Sweden. Mice 6-8 weeks of 

Purification of the mucosa-binding molecules CTB and LTB: 

Recombinant cholera i-oyit. d w 

toxxn B subunit ir'vn\ r,^^ 

.. ....... ./.cr:r.r^;n.rr.t;: 
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expression of cholera toxin B subunit in Vibrio cholerae as a 
basis for vaccine development. Proc . Natl. Acad. Sci. USA 
86:481-485). Recombinant B subunit of Escherichia coli heat- 
labile enterotoxin (LTB) was produced similarly in a mutant 
strain of Vibrio cholerae deleted of the cholera toxin genes and 
transfected with a plasmid encoding E. coli LTB (Hirst T.R, 
Sanchez J. Kaper J.B., Hardy S.J.S. and Holmgren J. 19 84. 
Mechanism of toxin secretion by Vibrio cholerae investigated in 
strains harbouring plasmids that encode heat-labile enterotoxins 
of Escherichia coli. Proc. Natl. Acad. Sci- USA 81: 7752-7756). 
In these expression systems, CTB and LTB are recovered from 
bacterial growth media as secreted proteins. Bacterial cultures 
were centrifuged at 8000 rev per min for 20 min and the 
supernatants were collected and adjusted to pH 4.5 with dilute 
15 HCl. After precipitation with hexametaphosphate (final con- 

centration 2.5 g/1) for 2 hours at 23°C followed by centrifuga- 
tion at 8000 rev per min, the pellets were dissolved with 0.1 
M sodium phosphate buffer, pH 8 . 0 and dialysed against 0.01 M 
phosphate-buffered saline, pH 7.2. The dialysate was then 
centrifuged at 15 000 rev per min to remove residual insoluble 
material and the supernatant was further clarified by filtration 
through a 0.22 \im filter (Millipore, Bedford, MA). Finally, CTB 
and LTB were purified by standard gel filtration chromatography 
through columns of Sephadex G-lOO (Pharmacia, Sweden). 
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Purification of human gamma-globulins (HGG) : 

HGG was purified from a pool of human sera by sequential 
precipitation with a solution of (NH4)2S04 (final concentration 
40% vol:vol), followed by gel filtration chromatography on a 
column of Sephacryl S-300 HR (Pharmacia, Sweden) previously 
equilibrated with phosphate-buffered saline (0.2 M sodium 
phosphate, KaCl 0.1 M, pH 8.5). The resulting HGG preparation 
was diluted to 15 mg/ml. 
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preparation of CTB-conjugated sheep red blood cells (SRBC-CTB) .- 

Sheep red blood cells (SRBC) were stored at 4^0 in Al • " 
solution until use Prior ^o K ■ ° at 4 C m Alsevier's 

^ ^^^"5 used, SRBC were washed 
txmes w^th phosphate -buffered saline (pbs) (o ni J 
P-phate, CIS M .aCl, pH b. centrl^^ Li :o^T 

r: Ts/bX r ^^^-^^^-^^^ ^ ---^ 

SRBC T " --Pling Of CTB to SRBC 

SRBC were f.rst coupled to GMl ganglioside. a solution of pbs 
contaxnxng 300n.ol/.l OMl ganglioside (Sig.a Che.ical Co st 
LOU.3, MO) was added to packed SRBC at a ratop pf i = . ^J./J" 
and incubation was carried out at 370C for 2 ho ■ (^°l/vol) 
watf^r- K=,*->, J / C for 2 hours m a shaking 

water bath. After 3 washes with PBq ^n r-^ 

w-i-i-ii fab to remove excess? omi 
OMX c , ,3d cells were resuspended to a density of s xTo'^ 
SRBC/.1 xn PBS and mixed with reco^inant CTB (Sanchez J and 
Holmgren j. 1939 Recombinant system for- 

chol^v^ . „ system for overexpression of 

Cholera tox.n B subunit in Vibrio cholerae as a basis for 
vaccine development. Proc Natl Ao.^ o • 

ffnr, = i USA 86:481-485) 

(final concentration 50 ua/ml) aft-«,- w ■ o-^ 'iss; 

370c in a ch.v- ^^/'"i)- After incubation for 2 hours at 

37 c m a shaking water bath to allow binding of CTB to 
GMl-coated SRBC, the red cell <,n=r^^ • 

poq suspension was washed twice with 

PBS to remove non cell bound ctr =r,^ 

Douna CTB and resuspended at a cell 
density of 1 x lO'Vml of PBq to 

ascertain that the ctr 
molecules had bound to GMl-couoled qpRr ^ 

J coupled SRBC and were still able ro 

b.nd additional 3Ml.ole=ule.. a solid phase hemadsorption "ssav 
u .ng c„i _.ili.ed on plastic walls was ..ployed.'^ Tl 

La Td 7^""°" '° ^ ^^-1 concentration of 

1-^ (packed vol /vol) nn prq , 

V, . -"^Oi) in PBS supplemented with 0.1 % (weight/vol) 

Of W.ne serum albumin ,BS*, <si,ma, and added to omI-HZI 
U-shaped walls of plastic miorotiter plates (Costar, Ztlr 
.ncubat.on at aml,ient ,22"c, temperature, walls were exaln^I 
tor appearenoe of hemadsorption. The specificity of the r^Iay 

:::t^ra:n:rr -madscrption ir contrd ::iz 

CTB to ir ™' ^^'^ ^^^"-^ cen-free 

CTB to GMl-coated wells during incubation with red blood cells 

Which prevented in a dose dependent manner hemadsorption 
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preparation cf I.TB-=on:uga«d sheep red blood cell. <SRBC-LTB, : 

a„-c=ated SRBC (S . 10' GMl-SRBC/ml) " 
recon^mant LTB (SO .g/.l. exactly as described above for 
coupling of SRBC to CTB . 

preparation of CTB -conjugated human gamma -globulins (HGG-CTB) : 

CTB and HOC were each coupled to — ^^^^f ^^^^^^^^^^Itf;, 
dithio) propionate (SPDP) (Pharmacia, Uppsala, Sweden) (Carls 
ditnxo; p P . J, Axen 1978. Protein thiolation and 

son, J., H. Drewm, and R. Axen. 3_(2- 
reversible protein-protein conjugation. N-succxnxmxdyl 3 (2 
^^ridyl-dithio) propionate: a new heterob.f unctional reagent^ 
BLchL J. 173: 723-737.1) at molar ratios of 1:5 and 1:10 
: ::ectively.-7pDP was added to HOC and the mixture allowed 
.o incubate for 30 min at 230C with ^^'^^^^^ '/''l^l^ '^ZZl- 
.emoved by gel filtration on a ^^^^ T.^soTL 
cia, Sweden) equilibrated wxth acetate 

acetate, 0 . IM NaCl, pH 4.5). The SPDP-derxvat xzed HGG was 
reduced with dithiothreitol (DTT) (final concentration 50 mM) 
Tor 20 min at 23oc and the resulting preparation was passed 
..rough a column of Sephadex G-25 eguilibrated with phosph te 
buffered saline (0.2M sodiumphosphate , NaCl P« ' '^^H 

remove excess DTT and pyridine- 2 -thione released durxng 
25 reduction Of SPDP-derivatized HGG. 

CTB was diluted to 2 mg/ml in phosphate-buf f ered -^^^^^^^ 
sodium phosphate, NaCl 0.1 M, pH 8.5) and derxvatxzed wxth SPDP 
as described above for HGG but at a molar ratxo of 5 : 1 
as aescrx cpDP-derivatized CTB was passed 

(SPDP: CTB). The resultxng SPDPderxv 

q^nhadex G-25 equilibrated xn the same 
3 0 through a column of Sephaaex ^ ^= h 

buffer, to remove excess unreacted SPDP. 

. • =H urr and CTB were mixed at an equxmolar ratxo 

opnp-derxvatxzed HGCj ana v-j-o . 
SPDP aer . ^ , , , . ^ ^y'C The resulting CTB-HGG conjugate 

and incubated for 1. ^^^J^ ^ ^^,^„„ 33p,,.ryl 

was purified by gel ,„„j,,,,e wa. 

S-300 to rernove free and/° ^ 

shown to contaxn Gmi gangxiot> j.^.^^ => ^ ^„ vt t^A 

1 --.^i T-f»activities by means of an ELIbA 
both CTB and HGG serologxcal react xvxcxes y 
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-xng G Sigma, St MO) as solid phase capture system 

<Sva„„erhol., and Holmgren. i„a. Identif icatiln Tf 

Escher. ch.. .all heat -labile entarotoxln by means of a ganglil 
s.de immunosorbent assay <0„,-ELISA, procedure. Curr . Microbiol 
HGG as de't T P-ly=l°"al antibodies to CTB and 

Of the "^'""'^ ^^1°"' • --ial two-fold dilutions 

the conjugate and of purified CTB- and HGG-SPDP derivatives 
were rncubated in polystyrene wells that had previously been 
coated with GHi ganglioside. and in wells coated with rabbit 
polyclonal igG antibodies to HGG,- next, horseradish peroxidase 
(HRP, conjugated rabbit ant -HGG or mouse monoclonal anti-CTB 
antibodies, appropriately diluted in PBS containing 0.05% Tween 
20 and enzyme substrate were applied sequentially to detect 

and CTB was determined by reference to standard curves calibra- 
ted with known amounts of SPDP derivati.ed antigens. On average 

lelcr!::: ^^-^^^-^ purification proto!!; 

described above yielded preparations containing negligible 
amounts of free HGG and less than 10% free CTB. 

Immunization protocols: 



Immunization with SRBC: 

ZT7 7"T'" "-e injected in the rear 

SRBC. " °' -line containing 10' 



secondary systemic immunization, Five days after the primary 
immunization, mice were challenged by injecting the right raa^ 
footpad with 40 ,1 Of pyrogen-free saline containing lo- SRBC 

Immunization with HGG: 

Prior to immunization, HGG was aggregated by heating at 63=0 for 
"^^'"^^^^ systemic immunization: Mice received 0 . 2 ml of 
aggregated HGG (500 ,g) emulsified in Freund's complete adjuvant 
(D.fco St Louis, MO) and administered by subcutaneous injec- 
tions into the flanks. 
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secondary systemic immunization: Five days after the primary 
immunization, mice were challenged by injecting the r.ght rear 
footpad with 40 /.I of pyrogenfree saline containing 1 mg of HGG. 

5 Oral tolerance induction protocols: 

At various times before or after the primary systemic immuniza- 
tion with SRBC, mice were administered a single dose or darly 
consecutive doses of SRBC or SRBC-CTB. Each dose consisted of 
2 5 X 10' SRBC or SRBC-CTB in 0 . 5 ml of PBS given by the 
intragastric route using a baby catheter feeding tube. Control 
animals were given 0 . 5 ml of PBS alone. 

For induction of tolerance to HGG, mice were given a single oral 
dose of unconjugated HGG or CTB- conjugated HGG administred by 
intragastric tubing, 1 week before primary systemic immunization 
with HGG. Doses of 1 mg and 5 mg of unconjugated HGG and of 60 
ixg of CTB-conjugated HGG were tested. 

Evaluation of delayed-type hypersensitivity (DTH) reactions: 

DTH to SRBC: ^ w 4= ^ 

Thickness of the right footpad was measured immediately before 
and 2 4 24 and 48 h after the secondary systemic immunization 
with SRBC, using a dial gauge caliper (Oditest, H. C. Koplxn, 
Schluchtern, Essen, Germany) . The intensity of DTH reactions was 
determined for each individual animal by substracting the value 
obtained before challenge from those obtained at various times 
after challenge. 

DTH to HGG: . 
The intensity of DTH reactions to HGG injected in the right 

footpad was evaluated as above for SRBC. 
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Evaluation of serum antibody responses: 
Serum anti-SRBC antibody responses: 

immediately before the primary systemic immunization with SRBC 
admxnxstered in the left footpad and 1-2 weeks after the 
secondary systemic immunization, a sample of blood was collected 
from the tail vein of individual mice and allowed to clot at 
room temperature for 60 min. Sera were heated at 56oc for 45 min 
to inactivate complement and then assayed for antibody levels 
to SRBC by direct and indirect hemagglutination assays For 
dxrect hemagglutination, serial 2-fold dilutions of serum 
samples in PBS supplemented with O.i % (weight /vol) of bovine 
serum albumin (PBS-BSA) were prepared in U-bottom wells of 
mxcrotxterplates. Fifty microliters of a suspension of 0 5 ^ 
(packed vol/vol) SRBC in PBS-BSA was added to all wells and" the 
plates were incubated for l hour at ambient temperature followed 
by an overnight incubation at 40c. Wells were then examined for 
hemagglutination . 

llJ^'T f°"-^^"^^^^^-^--t-g antibodies that had bound to 
SRBC 25 Ml of PBS containing a mixture of heat - inactivated 
56 C for 45 min) rabbit antisera to mouse igG and mouse IgA 
(final dilution 1: 50) was added to wells corresponding to serum 
dxlutxons negative in the direct hemagglutination assay The 
plates were then shaken to allow resuspension of SRBC and 
xncubated undisturbed at 40c for 2 hours. Thereafter the wells 
were examined for hemagglutination. The reciprocal of the 
hxghest dilution of any given mouse serum causing hemagglutina- 
tion Of SRBC either directly or after addition of anti-mouse 
antxsera (in the indirect hemagglutination assay) was determined 
and defined as the anti-SRBC antibody titer of said mouse serum. 

Serum anti-HGG antibody responses: 

serum igM and IgG antibody levels, to HGG were determined by 
standard solid phase ELISA using polystyrene microwells coated 
wxth HGG as solid phase capture system and HRP-conjugated 
aff xnxty purified goat antibodies to mouse IgG and to mouse IgM 
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(southern Biotechnology Associates, Birmingham, AL) as detection 
reagents. Serial 5-fold dilutions of mouse sera were prepared 
in PBS containing 0.05% Tween 20 and incubated for 2 hrs at 23°C 
in HGG-coated wells. After 5 washings with PBS containing 0.05% 
Tween 20, appropriately diluted HRP- antibodies to mouse IgM or 
IgG were added. Two hours later, plates were rinsed with PBS and 
solid phase bound enzyme activity was revealed by addition of 
chromogen substrate, consisting of ABTS tablets (Southern 
Biotechnology Associates) dissolved in citrate-phosphate buffer, 
pH 5 0 and containing H^. Absorbance values were monitored 3 0 
min later with an automated spectrophotometer (Titerscan, Flow 
Laboratories) . The anti-HGG antibody titer of a mouse serum was 
defined as the reciprocal of the highest dilution given an 
absorbance value of at least twice that of control wells exposed 
to buffer alone instead of serum. 

in vitro lymphocyte proliferation assay: 

Lymph nodes obtained 1-2 weeks after the secondary systemic 
immunization were minced in Iscove's medium (Gibco Europe, 
K ) and pressed through sterile nylon-mesh screens to yield 
single cell suspensions. The cells were washed twice and 
resuspended at 2 x 10^ cells/ml in Iscove's medium supplemented 
with 5% heat-inactivated fetal bovine serum (FBS) , L-glutamine 
(1%), sodium pyruvate (1%), non-essential aminoacids (1%), 
2-mercaptoethanol (5 x 10"^ M) and gentamycin (20 /xg/mD ■ Ly^Ph 
node cells were added to flat-bottom microtiter (Nunc, Denmark) 
wells containing a previously titrated amount of SRBC in a total 
volume of 200 ml. The plates were then incubated at 37oC m 5. 
CO, in air for 3 days. The cultures were pulsed during the last 
16 hrs with ^H-thymidine (2.0 mCi/mM, Amersham, Stockholm), 
individual wells were harvested using a 96-well automated 
cell-harvester (Inotech, Basel, Switzerland) and the radio- 
nucleotide incorporation was measured with an argon-activated 
scintillation counter (Inotech) . 
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The level of 3H-thy™idine incorporation was calculated as the 
stimulation index (S . I . ) =CPM of ly^ph node cells . SRBC/CPM of 
lymph node cells alone. 

Example i 

Prevention of early and late delayed-type hypersensitivity (DTH) 
reactions by oral administration of sheep red blood cells (SRBC) 
linked to the B subunit of cholera toxin (CTB) : 

Mice were fed a single dose of SRBC-CTB, SRBC alone, or saline 
whxch was given 1 to 8 weeks before a primary systemic immuniza- 
tion wxth SRBC injected in the left rear footpad. Five days 
after this injection, the right rear footpad was challenged so 
as to elicit a DTH reaction. The intensity of DTH reactions 
elicxted xn mice fed SRBC alone was comparable to that recorded 
xn control mice fed saline only (Table 2). m contrast, DTH 
reactions recorded in mice fed SRBC conjugated to the mucosa- 
bind.ng molecule CTB were considerably decreased, at all times 
recorded. Thus, 2 hours after challenge with SRBC, that is at 
a t.me corresponding to the early peak of DTH responses seen in 
control (saline fed only) animals, footpad swelling was absent 
in mxce previously fed a single dose of SRBC-CTB. Furthermore, 
the late DTH response which in mice peaks at 24 hours post- 
challenge was significantly decreased as compared to saline fed 
control animals as well as to animals fed SRBC alone. 

In a second set of experiments, mice were fed single or daily 
consecutive doses of SRBC-CTB or SRBC. One week after the last 
oral administration, animals were primed and challenged as above 
by systemic injections of SRBC in the left footpad followed 5 
days later by the right footpad. It was found that the daily 
oral administration of SRBC for 3-4 weeks was required to 
suppress the 24 hr DTH reactions to a level comparable to that 
achieved by a single administration of SRBC conjugated to CTB 
(Table 3) . It should however be .pointed out that as many as 20 
consecutive feedings with SRBC over a 4 week period had no 
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effect on the development of the early phase (2^4 hours) of the 
DTH response, in contrast to the situation seen with animals fed 
a single dose of SRBC conjugated to CTB who failed to develop 
an early DTH response. 

Rvam ple 2 

inhibition of early and late DTH reactions by oral admini- 
stration of sheep red blood cells (SRBC) linked to the B subunxt 
of cholera toxin (CTB) in immune mice: 

TO determine whether mucosal administration of CTB -conjugated 

antigens would suppress DTH reactions in animals prevxously 

systemically sensitized to said antigen, SRBC were first 

injected in the left rear footpad of mice to induce a state of 

primary systemic immunity. Four days later, animals were fed a 

single oral dose of SRBC conjugated to CTB, SRBC alone, or 

saline. Two days after the latter feeding, animals were gxven 

, • • -'^^ ^-F cRRr in the right footpad to elicit DTH 
a second infection of SRBt_ m cne xxyi f 

reactions The latter DTH responses were monitored at varxous 
times after this secondary systemic immunization. Whereas mxce 
fed SRBC alone developed DTH responses undistinguishable from 
those seen in control animals fed only saline, mice fed SRBC 
conjugated to CTB had considerably reduced early and late DTH 
responses to SRBC. Therefore, it appears that oral admxnx- 
stration of SRBC conjugated to CTB can induce suppression of 
both early and late DTH responses to systemically iniected SRBC 
even in animals previously sensitized (primed) systemically to 
SRBC. 



Example 3 



inhibition of lymphocyte proliferation by oral administration 
of sheep red blood cells (SRBC) linked to the B subunxt of 
35 cholera toxin (CTB) 

TO determine whether oral administration of CTB -conjugated 
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antigens would result in decreased proliferative responses of 

of CTB-oon,ugated SRBC and were then injected in the left 
footpad „rth SRBC (primary sy.te^ic in vivo i..uni.aticn, One 
wee. later, the ability of ly.ph node cells to proliferate afte" 

CoTared T""' T ^""^^^ — ^ned 

a TLIl T / '"'"^'^ ---1= fed 

SEBC conjugated to CTB had decreased proliferative responses 
When cultured with SRBC .Table 4, . This decrease was spec! o 
of the antrgen administered in as .uch as the proliferatrVe 

ZZZZ:' '"^'^ T '° concanavalin . Ire 

comparable in animals fed SRBC-CTB qpRr- t • 

4) _ ^^^^ °^ saline only (Table 

Exampi e 4 



inhibition Of seru. antibody responses by oral administration 
Of sheep red blood cells fqpRr^ i-j^i, ^ ^ 

cholera toxin ,CTB, '° " °^ 
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11 CTB wTuTd Of an antigen coupled 

to CTB would result rn decreased antibody responses to systemi- 

SRBC-CTB, SRBC alone, or saline which was given 1 to 3 weeks 
le rLL'lT r""'^ ^--i-"on With SRBC injected in the 
rlTr IIZ T "■'^^ injection, the right 

rear footpad was challenged and blood was collected frc. the 

det . K """"""^^ 1-^-1= '° S>»BC were 

determrned by direct and Indirect hemagglutination assays As 
seen .„ Table S, serum antibody responses to SRBC were deceased 

fed sal me only or a single dose of SRBC alone. Daily oral 

serum antrbody responses to systemically administered SRBC to 

of SRBC V^-'^'Tl " "'^^ """'^^^^ ^ administration 
or SRBC conjugated to CTB (Table 5) 
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. . f ^.r-lv and late DTH reactions by oral admini- 

rroro^:LT:ra:xooa=e..3 .... ..^...o^^^^^. 

of Escherichia coli heat-labile enterotoxxn B subun.t (LTB) . 

TO determine whether mucosal administration of SRBC conjugated 
To lother mucosa-binding molecule, the B subunit of B->^--^- 

cIlT heat -labile enterotoxin B subunit .LTB,, would also 
DTK reactions to systemically administered SRBC, mice 

:rre: a™::re dose of SRBC-.TB or saline, "-h was given 

. „ee. before a P-"- ^t-d f^^f^ 

comparative purposes, an additional group 

SRBC-ctb Five days after the primary injectron, all mice were 
Challenged with' SRBC in the contralateral footpad so as to 
elicit a DTH reaction. At 24 hr post-challenge, DTH reactions 
.ecordel in mice fed SRBC-.TB were significantly reduced as 
collared to saline fed control mice <Table . — 
early (2-4 hrs, DTH reactions were not reduced in mice fed SRBC 
LTB This contrasted with DTH reactions recorded m mice fed 
SRBC-CTB which were absent at 2-4 hrs post- challenge and were 
sfgL icantly reduced at 24-43 hrs (Table . These o-e-at-ns 
indicate that oral administration of SRBC -"^"^^^f ^^^^^^J^^ 
induce suppression of the late DTH response ^^s em cal y 

injected SRBC but does not affect the early component of such 



responses 



F.y^m ple 6 



inhibition of early and late delayed-type hypersens.txvity (DTH) 
inhibition or ea y .^^^..^^ (HGG) by oral administration 

reactions to human gamma globulins (HGC.) y 

of HGG conjugated to the B subunit of cholera toxin (CTB) . 

.o determine whether mucosal administration of ^-^^^^^^^^^^^^ 

^r, =„r,orass DTH reactions to a soluble protein 
antigens would suppress oonjugated to CTB, 

antigen, mice were fed -J-^^ of 
HGG alone, or saline. These were g 
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10 



15 



20 



F«u„d s oo^pl.te adjuvant injected subcutaneously. Five day^ 

elicit a DTH reaction. The intensity of DTH 
reactions elicited in mice fed 1 mg of HGG alon. 

^, ^. . =^ i mg or HGG alone was comparable 

to that xn control .ice fed saline only, at all ti.es eLined 
after challenge (Table 7, . Feeding .ice 5 cf H=G resulted In 
decreased DTH reactions at 24-43 hrs but did not influence the 
rntensity of the early ,.-4 hrs, phase of these reactions. 
contrast. DTH reactions monitored in mice fed as little as 15 
TO of HGG conjugated to CTB, that is a more than 300-fold lower 
amount of „G0. had similar effects, being significantly lowe" 

24 hrs but not at earlier times (2 and 4 hrs) . However, feeding 

«:iy"d"c " °' '^""^"^"^'^ =™ -n^i^e 

early ^2 ThT '^'"'""^ ^" ""^^ ^^^^"^^^ ' 

early (2-4 hr) and late (24-48 hr) nTH -.-^^.^^ • 
, , y^-i to nr; DTH reactions were virtual ]v 

observations demonstrate that oral administration of small 

bT::::: ^^""^ '^"'^'^ ^-^"^^^ - ~ 

1 te DTH rir: '™ '"-^"^^ suppression of both early and 

P eL ant^en""^ ^"^^"^"^ ^^^^^^^ 



2^ Exampl 7 



suppression of experimental autoimmune encephalitis (EAE, by 
oral admrnrstration of myelin basic protein conjugated to CTB 

30 Purification of myelin basic protein (MBP) ■ 

MBP was Obtained from guinea pig spinal cord and brain as 
descrrbed by Oeibler et al .Deibler GE, Martenson RE. Kies Mw 
c!Itral T P-^^P^-"- °t -y-lin basic protein from 

35 I T "'^"^ °' "^^^"^ mammalian species. Prep 

s^ d d"'r"" ■ '""^"^ °^ "^^ determined by standard 

sodrum dodecyl sulphate polyacrylamide which showed a single 
band at approximately 20 kD. mP was coupled to CTB by the SPDP 
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procedure under conditions similar to those described or 
conlugating HGG to CTB. The presence of MBP in the conjugated 
„,aterial was ascertained by GMl-ELISA using serum from a rat 
immunized with MBP in WCA. The relative proportions of MBP and 
CTB in the conjugates were determined by comparisons wrth 
purified preparations of CTB and MBP assayed in parallel by 
Standard solid phase sandwich ELISA (for MBP, and G«1-e:.ISA <for 
CTB, using anti-MBP and GMl as solid phase capture reagents, and 
HRP-conjugated rat anti-MBP antiserum and mouse ant i- CTB mono- 
clonal antibodies to detect captured MBP and CTB, respectively. 

induction of experimental autoimmune encephalitis (EAE, : 
TO induce EAE (Kies MW, Murphy ^B, Mvord EC. 1960. Fractro- 
nation of guinea pig proteins with encephalitogenic activity. 
Fed Proc 19:207,, female ^ewis rats (Zentrallnstitut fur 
versuchstierzucht, Hannover, Germany,, S-10 wee.s old weight 
no-240 g, , were injected under ether anaesthesia in both rear 
hind footpads with a total of 100 microgram (that is ^PP^°==- 
lately 50 micrograms by footpad, of guinea pig -^-^ 
in Freund's complete adjuvant <FCA, (Difco, Detroit, HI USA, 
n.^ vol-vol). After this injection, animals were followed 
daily for 30 days. Every second day, animals were examined for 
appearance of clinical symptoms and their body weight determi- 
ned. Disease intensity was determined using a standard clinical 
grading system (Miller A, Lider O, Alsabbagh A, Meiner HL 1992^ 
suppression of experimental autoimmune encephalomyelitis by oral 
administration of myelin basic protein. V. Hierarchy of 
suppression by myelin basic protein from different species. J. 
Neuro Immunol . 39:243-250,: 
3 0 grade 0: no disease 

grade 1: limp tail 
grade 2: mild hind limb paralysis 

grade 3 ■ severe hind limb paralysis with limbs splayed apart 
grade 4: complete hind limb paralysis affecting all four 
3 5 footpads 
grade 5: death 
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Oral tolerance protocols: 



Before induction of eap ^ ^ 

group 1: 0.5 ml of MBP-cL T regimens, 
grams of and .To mTlr'"^''' -rresponding to .0 „iero- 

buffe. given on day rC r: 1 °" " ^i-rbonate 

as day 0 thereafter' °^ ™^ <»^"red 

group 2, 0.5 ml of 0.6 M bioarbonate buffer co„t= • ■ 
and xo mg of soybean trypsin inhibitor TsT^T ™' 

proteolytic degradation Of MBP (whitacre cc T 

CG, Bitar D. 1991 Oral i-ol ""^cre cc, Gienap IE, Orosz 

ancepbalitis. Ill . ■EvTdenoe forT ^^''^^'^^"^"'^^ autoimmune 

-SS-„,, s consecutive ;i::7;rayr"'9 " ^ ' "'^ 
before footpad injection with MBP; ' ^' -3 

group 3: 0.5 ml of saline (con^r•r.^^ 

wording to t.e time-tabinrfi: ^ grp^r"- 

group 4: 0.5 ml of n c »>, L.. group 2; 

-ypsin inhiMtor STX) ^ ^-ng xo mg so..ean 

occasions according o L t;m:%alr^^^^^ ' consecutive 

ne tame-table described for group 2. 

Suppression of EAE bv or-^i =^ ■ • 

-^-^--tration of MBP conjugated to 

Groups consisting of 5 adul ^ fon, t x 

the rear footpads%it. L^r.^r: ^ 

In control animals previously f„d 

(group 4, . given xT " , 5 T"" 

injection with MBP.^FCA neu..'l„ / ^ '^^^^ ''^^""^ footpad 
-ximal X2 to 14 days alti: tie" ^"""""^ "^^"^ 
developed severe paralysis ,T.bf ^"^^^l^ 
- .iorograms of L conjugated tc CTB T^"' ""^^ ^= 

<group 1,, develope^either no";::ro77"t'".^""^^ 

symptoms (transient tail r^. • °^ "^i^d 

footpad paresis in' lllTlZ Tbt":: ""^^ 
".illigram of MBP together with Sri on r ^^'^ ' 

that is a total of 25 mg n,, orT^so .lTTT^^ occasions, 
than group x animals, were also protected from d , '"^^^ °' 
KAE disease (group., n.^,,,^, Thus laT 7^ ' 

inus, oral administration of 
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, 2) (Table 8). Thus, oral adminxstrat..on of 

EAE disease (group 2) (Table ) suppress EAE . 

small amounts of MBP conjugated to CTB can supp 
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P!vam ple 8 

n^oT-aft survival by oral administration 
prolongation of mouse allograft sur y ^ ^ 

of allogeneic thymocytes conjugated to cholera 

(CTB) . 

confutation ..^oc..es f.o. 

TO enhance b.nd.ng °^ J=™ " " ,„„pie. (MHC, haplctype 

r:\r«:: nano^o^e^ o. .---^^^^^ 

f n ml of Iscove's mxnimai essentxd 
total volume o£ O.S ™^ °^ ^^^^ 3 ,i„e= with 

UMEM, £or 2 hrs ^^'ine to remove unbound GMl and incubated 
py„gen-f.ee ^'"^^^ .icrogra™. of CTB in a 

for a further 2 hours at 3 ^.^^^ 

fin.i voiu^e of O.S ' --^^J^'/^^^^^ untii use. The.e 

to remove unbound ^^^^ J^^,,,,, 3,.,eve .axi.aX 

concentrations of GMl and by flow cytometric 

saturation of thymocytes as J 

analysis of mouse thymocytes ^^'^^''^ll^l^J'^Z Z tetramethyl 

of CMl and ^ Biological laboratories Inc., 

rhodamine- label led cm (ux^ 

Campbell , CA, USA) . 

Heterotopic mouse ^^^^^ ^ess than 3e hours 

oonor hearts were collected ^^^^^^^^^ ^^^^^ ventricular 

: rtim':^:: h^rif the heart was ----r Of rr:-r. 

,oLh on the dorsal part of one - ^ ,,,,„.e3. 

Old Balb/c mice ^'^^^ ^l^J^^ received hearts from 

a separate group of Balb/c r P assessed daily 

syngeneic Balb/c ^^^^^^^^ ^ transplants with a 

by measuring the ^'^^^^ ^^l,^ „as defined as the day 
Tektronix cardioscope . Rejectio 
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When co.ple.e cessation of ™yoca..ial contraction ha. occurr... 
Oral tolerance protocols: 

Before and/or at various times after alloaraff • , 

adult Balb/c mouse recipients were fed Jtl a Z k"""' 

:::r:L:r ^ °' - - p-^en-tee^rirner:::: 
.:retnriinr:rafr —rn - ^ - 

- unconjugated thymocytes from newborn C57rt • 

ar,^ 1 J , ^ liewDorn C57BL/6 mice criven 7 4 

and 1 day before transplantation; ' 

- CTB-conjugated thymocytes from newborn C57BL/fi n,i 

A T -) , ^ ^wi^v^ixi u:D/i:jij/6 mice criven 7 

4 and 1 day before transplantation; 

- CTB-conjugated thymocytes from newborn C57BL/6 mi.. • 

Cholera toxin B subunit <CTB, , '^^V"°cytes conjugated to 

C57BL/.1" '"''^r --<^i- grafts from newborn 

C57BI,/6 donor mica hiscoincompatible at the H 3 

their .rafts on average within a days ..able L^^::":::' 

mice receivina r-9 k-;^*- . -in contrast, 

c^cxving H-2 nistocompatible c;g-rH-inr. ^ 

functional transplants for Lre than . montl; o^ra^rrr'"^' 
stration of thymocytes from newborn H-2 hisTo 

the same species as donor mice l^:^':^'^.:^. 
-1) and/or after f-i ^.i >, ^ . ' 

arcer ( 3, +i and +4) implantation of heart ;,n^ 

r ^"^"'"-^ ^-^^ - etn r : 

graft survival in r^tk/^ j^tiuuce 
^ . Balb/c mouse recipients (Table 9) m 

contrast, oral administration of 3 doses of ^hI 

"rr'iurstSLair - - - aTiorfrCar: 
.af. rir\r^:::re::::e;Tsi -e 

: r^rotd^^T^r^r-ar:^^^^^^^^^^ — 

rer-ir^-i «r.i- t n y^^J^ii survival m mouse 

recipient of alloaeneir h^r^aT-t- +-^^ -> 

ytineic neart transplants (Table 9) 



Taken 
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.>..r the results of these experiments demonstrate that oral 
r/mrnrsliairon o. histomcompatl^le «c.tes con.u.ated with 
CTE can prolong allograft survival. 

Table 2 prevention of early and late delayed-type hypersensiti- 
: reactions by oral administration of -^p ^d ^ ood cells 
,SrIc) linked to the B subunit of cholera to.rn (CTB, 



feeding 



number of 
feedings 



mean footpad thickness increment x 10'^ cm 
(+ 1 standard deviation) 




SRBC-CTB 
SRBC 
SRBC 
SRBC 

SRBC 

SRBC 

saline 



1 
1 
5 
10 
15 
20 



4 


hrs 




24 


hrs 




11 


+ 


2 . 


0* 


23 


± 


12 . 


]_* * 


45 


± 


4 . 


2 


50 


+ 


10 . 


6 


34 


± 


9 . 


1 


59 


+ 


6 , 


0 


34 


± 


7 


6 


41 


± 


3 , 


8 


32 


± 


7 


.4 


33 


± 


8 


. 1* 


31 


± 


13 


. 0 


25 


± 


5 


. 5 * * 


35 


± 


10 


. 8 


50 


± 


12 


, 7 



4 8 hrs 
16 ± 4.6* 
30+4.6 
34 ± 6 .1 
29 ± 8.6 
24 ± 6.3 
16 ± 4.4* 
32 ± 8.3 



25 



^sterisKs denote significant differences between values -determined 

animals per group) and on control group consist 
on test groups (6 animals per g p * n 05 and ** p< 0.01 

ing of animals (7 mice) fed saline only. *, p< 0.05 and P 

(Student' t test) . 
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. 5 



10 



15 
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Table 3. inhibition of earXy and late DTK reactions by oral 

administration of sh^^r. -r^^ u^ ^ . ^ ^^"^ 

. , ^ ""^"^ ^^lls (SRBC) linked to the B 

subunit of cholera tnvH n ^nrri3\ • • ^ l-o cne b 

luj-tjra coxm (CTB) m immune mice 



systemic 
sensitiza- 
tion with 
SRBC 
(day 0) 



feeding (day 
4) 1 dose of 



mean footpad thickness 
increment x IQ-^ cm 
(± 1 standard deviation) after 
systemic challenge with SRBC 
(day 7] 




A3teris,.s denote significant differences between values determined 
on test groups animals per group, and on control group /Ice 

Lri^^Tiiigr"^ "^^"^ — 

* P< 0.05 and ** p< o . 01 (Student't test). 
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Table 4. Inhibition of antigen specific lymphocyte proliferation 
by oral administration of sheep red blood cells (SRBC) linked to 
the B subunit of cholera toxin (CTB) 



10 



15 



20 



feeding one dose of 



SRBC -CTB 
(n=6 mice) 

SRBC 

(n=6 mice) 

saline 
(n=6 mice) 



mean S. I. values ± 1 standard 
deviation in cultures exposed to 



SRBC 
1.06 ± 0 .29* 



7.88 + 4.52 



8 . 94 ± 3.89 



concanavalin A 
119 ± 32 



108 + 56 



76 ± 35 



25 



* denotes significant difference (P<0.01; Student't test) between 
test SRBC-CTB fed animals and animals fed SRBC alone or fed salxne 
only . 

Table 5 Inhibition of serum antibody responses to SRBC after oral 
administration of SRBC linked to the B subunit of cholera toxin 
(CTB) 



30 



35 



feeding l dose of: 


1 

mean serum anti-SRBC titers j 

+ 1 Standard deviation } 

1 


SRBC-CTB 
SRBC 

nil 


40 ± 20* 
1000 ± 250 

1000 ± 200 



* denotes sign 



ificant difference (P<0.001; Student't test) between 



wo 95/10301 



PCT/SE94/00941 



35 



test SRBC-CTB fed ani.als (n=6 .ice) and animals fed SRBC alo 
(n=6 mice) or saline (n=5 mice) . ^^""^ 



10 



15 



20 



.n.e. to the B subunit of Escherichia coli heat-labile entero 

toxin B subunit (LTB) entero- 



f eeding 



SRBC -LTB 
SRBC-CTB 
saline 



mean footpad thickness increment x lO'^ 
{+ 1 standard deviation) 



cm 



2hrs 

4 ± 10 
0 ± 0* 
7 ± 5.5 



4 hrs 

16 ± 8.2 

S ± 5.4* 
14+2.3 



24 hrs 



38 ± 12* 
22 ± 6.7* 
50+4.3 



4 8 hrs 

13 ± 2.2* 
7.1 + 3*+ 

24 ± 3 , 5 



Aster.s.. denote significant differences between test groups 
(7 mxce per group, and control animals ,n.6 .ice, fed LlZl 
only. . p< 0.05 and - p< o.oi (studenft test, 
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20 
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Table 7 Prevention of early and late delayed- type hypersensi- 
tivity reactions by oral administration of human gamma-globulxns 
(HGG) linked to the B subunit of cholera toxin 



;CTB) 



Group 



feeding 



§sensi- 
tization 



mean footpad thickness 
increment x 10'^ cm (±1 
standard deviation) after 
systemic challenge with HGGH 



I HGG (66 ^ig) ■ 
CTB 

II HGG (15 Mg) 
CTB 

III HGG 5 mg 
IV HGG 11 mg 

V saline 
VI saline 



+ 



2hrs 
18±5 . 1* 

38±8 .4 

40±7 . 6 
38±5 . 5 
39±8 .7 
23±5 .7 



4hrs 
45±7* 



24hrs 
30+6 .2** 



48hrs 
26±4 . 5* 



68±7,1 34±3.2** 27±4.4* 



51±13 37±5** 

57±17 45±7,4 

59±5.B 51±2.9 

43+18 22±8 



28±1 . 9* 
36+6 . 8 
39±12 
17±2 . 5 



§ Animals were sensitized by subcutaneous injection of 0 . 5 mg 
heat -aggregated HGG in Freund's complete adDUvant. 
^ Animals were challenged by injecting the right footpad w.th 
1 mg HGG in saline. 

Asterisks denote significant differences beween test groups 
(group I-IV, n=6 mice per group) and control animals fed salxne 
o!ly (group V, n=6 mice): * p< 0.05 and p< 0.01 (Student t 
test) . 
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>~-y oral adininistration ™ -, • \^^) 

conjugated to CTB niyelm basic prote 




a) Clinical grade > 2 
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Table 9. prolongation of survival of mouse heterotopic cardiac 
allografts by oral administration of allogeneic thymocytes 
conjugated to cholera toxin B subunit (CTB) 



donor of 
heart 
trans- 
plant 
( MHC 

class II 

haplo- 

type) 


feeding^ f 


eeding r 
day t. 


nean rejection i 
ime ± standard 
deviation 
( days ) 


lumber 
of heart 
trans- 
plants 


^ in- 
creased 
graft 
survival 
time*^ 


c riT id 

(H-2^) 


thymocytes 


-3,+l,+4 


7.9+1.0 


8 


-4,8% 


C57 BLi/ D 


thymocytes 1-7,-4,-1 


6.5+0.5 


10 


-21% 


C57BL/6 


CTB (25 
microgram) 
-conjugated 
thymocytes 


-7,-4,-1 


13 + 0 


16 


56% 


C57BL/6 
(H-2^) 


CTB (25 
microgram) 
-con jugatec 
thymocytes 


0 

I 


11.6±1.3 . 


14 


39% 


C57BL/6 
(H-2^) 


saline 


0 


8.3+1.3 


19 


0% 


Balb/c 
(H-2^) 
syngenei 
control 


saline 

1 


0 

J 


>64 


26 





a Adult Balb/c mouse recipients were fed 5 x 10^ newborn thymo- 
cytes alone or conjugated to CTB (25 micrograms per mouse) on 
the indicated days and received heart transplants on day 0. 
b Relative increase in graft survival was calculated as follows: 
(mean rejection time of mice fed thymocytes minus mean rejection 
time of saline fed control mice divided by mean rejection trme 
of saline fed control mice) x 100. 
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is evident f 

™une responses, further 1^1 ""P— °f systemic 

antigen/toierogen .r,.,o/:.:CZ l7r' absolute amount 

reported protocols o; o/.r/^-^r 
"tarred fro. the .We examples '"^eri^.tion. ;,s 

"^'T"' "vention Jan le ^""""^"^^"^ toaerance- 

the development of inflammatory Cune " '° " ^^^^y 

"rly and late phases of 77 associated with 

-actions, an auto iJune disLse , ^''^ "VP^-nsitivity 

Of an allograft (example 9, ' " rejection 
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CIiAIMS : 

. X^unoXcical tolerance- inducing agent comprising a mucosa- 
, binding .olecule Un.ed to a specific toierogen. 

^- „ ro claim 1, wherein said mucosa-bindlng 
.gent accordrng molecules derived from 

.olecule .s selected from ^^^^^^.^^ ,„,ins, bacterial 

muoosa-binding structures ol lectins. 
fi„*riae, viral attachment protexns and plant 

•, i„ 7 wherein said mucosa-binding 

3. Agent according to cla.m 2, "^"^ g„,p 

structures of bacterial toxrns ^^^^^^ ,„,erotoxin of 

r^■F r-holera toxin and heat-iaoixe 
consisting of cnoiera 

15 Escherichia coli. 

H-na to claim 3, wherein said mucosa-binding 

4. Agent according to ciaim 

structure is a binding fragment of a toxin. 

.o claim 4 wherein said binding fragment of 
- tr: rrV— t^;f cho^ra to^m or heat-labUe 

enterotoxin of Escherichia coli. 

claim 1 wherein said specific tolerogen 
^"re^trtoTs c firantigens, including haptens, which 
" Tause ulanted iLune response in an individual. 

.,ent according to claim ^ ■ J^^^ ^rtt " 
response is associated with systemro antrbody P 

^ r.a to claim 6, wherein said unwanted immune 
r ardatef with dela^ed-tvpe hypersensitivity 



8 

response 
reactions 



35 



^- „ to claim 6, wherein said unwanted immune 
9. Agent according to claim disorder, an allergic 

response. is associated with an autoimmune disorder, 



10 



wo 95/10301 



PCT/SE94/00941 



41 



disorder, a tissue or cell araf^ • 

- — --a..a.o.. .e::::::r - 

10. Agent according to claim 6, v^herein said .n^ • 
selected from the group consisting of proteins" 
carbohydrates, lipids and nucleic ac!ds 'Peptides, 

11. Agent according to claim l, wherein said h^i 

mucosa-binding molecule are directlv or H '^'^ 
each other. directly or xndxrectly linked to 



15 



20 



25 



30 



12. Agent according to claim 11, wherein said 

.ucosa-binding molecule are ind rectly lintel . T" 

the aid Of a member of the ^^^"^ '^"^^^ °t:her with 

-lecule, a protective vehicle cont °^ ^ 



14 . Agent accordi 
is an antibody. 



ng to claim 13, where 



m said spacer molecule 



15. Agent according to claim 13, wherein c,;,^h 

is or is derived from v, . ^^erem said spacer molecule 

OMl ganglTosTde Tal V "'""'"^ ^^^^^^^^ 

g nglxoside, galactosyl-N-acetylgalactosaminyl- (sial^.l ^ 
galactosylglucosylceramide. (sialyl) - 

16. A method of inducing immunological toler^noo • 

ad^inis^ation a mucosal .ou.e o. an i J„X"a rLI::' 
t.ve amount of an a..„. a.co.din. .o cXa.. . .a!a in^LlIlr 
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